Background and Purpose-The diversity of available outcome measures for acute stroke trials is challenging and implies that the scales may be imperfect. To assist researchers planning trials and to aid interpretation, this article reviews and makes recommendations on the available choices of scales. The aim is to identify an approach that will be universally accepted and that should be included in most acute trials, without seeking to restrict options for special circumstances. Methods-The article considers outcome measures that have been widely used or are currently advised. It examines desirable properties for outcome measures such as validity, relevance, responsiveness, statistical properties, availability of training, cultural and language issues, resistance to comorbidity, as well as potential weaknesses. Tracking and agreement among outcomes are covered. Results-Typical ranges of scores for the common scales are described, along with their statistical properties, which in turn influence optimal analytic techniques. The timing of recovery on scores and usual practice in trial design are considered. Conclusions-The preferred outcome measure for acute trials is the modified Rankin Scale, assessed at 3 months after stroke onset or later. The interview should be conducted by a certified rater and should involve both the patient and any relevant caregiver. Incremental benefits at any level of the modified Rankin Scale may be acceptable. The modified Rankin Scale is imperfect but should be retained in its present form for comparability with existing treatment comparisons. No second measure should be required, but correlations with supporting scales may be used to confirm consistency in direction of effects on other measures. (Stroke. 2012;43:1163-1170.)
F rom a recent review of functional outcome measures in published stroke trials, at least 47 options were identified. 1 This wide range presents a challenge to investigators and regulators who are unfamiliar with the field and implies that the available outcome scales may be imperfect. To assist researchers planning trials and to aid interpretation, this article reviews and makes recommendations on the available choices of scales. The aim is to identify an approach that will be universally accepted and that should be included in most acute trials, without seeking to restrict options for special circumstances.
Thus, the article first considers outcome measures that have been widely used or are currently advised. It examines desirable properties for outcome measures such as validity, relevance, responsiveness, statistical properties, availability of training, cultural and language issues, resistance to comorbidity, as well as potential weaknesses. Tracking and agreement among outcomes are covered.
Typical ranges of scores for the common scales are described, because these have a bearing on their use in certain case mixes. It also affects their statistical properties, which in turn influence optimal analytic techniques, a topic reserved for a separate article. 1a Finally, it is relevant to examine the timing of recovery on scores and usual practice in trial design.
Primary sources of data include recent reviews, analyses conducted specifically for this review based on data from the Virtual International Stroke Trials Archive (VISTA), the deliberations of the National Institute of Neurological Diseases Common Data Elements (NINDS CDE) project, information about contemporary stroke trials registered with clinicaltrials-.gov and ISRCTN, recommendations issued by the European Medicines Agency and the Food and Drug Administration of the United States, and examples from the literature. [1] [2] [3] [4] [5] [6] 
Current Practice
The European Medicines Agency Points to Consider document published in 2001 refers to Barthel Index (BI), modified Rankin Scale (mRS), and Glasgow Outcome scale, and to 4 neurological severity scales: Scandinavian, National Institutes of Health, Canadian, and Unified. 5 It states that BI had been the most widely used functional outcome scale in stroke trials.
Quinn et al 1 undertook a systematic review of functional outcome measures that had been used in stroke trials published over the period 2001 to 2006, identifying 126 trials with a median of 100 patients in each, 47 outcome measures featured, with mRS most prevalent (64.3%) and BI second (40.5%). The National Institutes of Health Stroke Scale (NIHSS) was in third place at 27.8% but was selected as primary outcome more often than BI. One hundred trials used a functional measure as primary outcome, most often mRS. Heterogeneity in choice of measures and their analysis was substantial. Fifteen outcome measures were used across 70 trials of investigational medicinal products. However, only mRS, BI, National Institutes of Health Stroke Scale (NIHSS), Scandinavian Stroke Scale, and Glasgow Outcome Scale (GOS) were each used in Ͼ5% of trials. Of these, only the first 3 featured as primary outcome measure in Ͼ5% of trials.
Within VISTA, 3 21 acute trials of ischemic stroke and 6 trials that included hemorrhagic stroke recorded mRS, NIHSS, and BI. All trials completed within the past decade included all 3 measures. Eleven of the ischemia trials included the Scandinavian Stroke Scale, whereas no intracerebral hemorrhage trial did so. Only 5 of 12 trials completed in the past decade included Scandinavian Stroke Scale. The Scandinavian Stroke Scale and NIHSS may be interconverted, however. 7 After extensive review and consultation, the NINDS Common Data Elements group selected mRS, NIHSS, BI, and EuroQol as most relevant for acute stroke use, with conditional support for the Functional Independence Measure and GOS. 4 For activities of daily living or functional status, 2 measures were recommended as core or potential primary measures: BI and mRS.
A further systematic examination of trials involving interventions for stroke in progress from 2007 to 2010 has been undertaken, based on registrations on clinicaltrials.gov and not restricted to acute stroke (unpublished data). Across 473 trials, at least 191 forms of outcome measure are described and at least 63 unique measures are listed as primary outcome (online-only Supplemental Table I , http://stroke.ahajournals.org). Again, mRS was most prevalent and most often used as primary outcome. The NIHSS was second most prevalent. Barthel remains in third place and was the primary measure in only 8 trials. The Fugl-Meyer scale, which only measures motor function, was in fourth place; however, it is typically only used in rehabilitation trials. 1 Note that European Medicines Agency stated that quality of life was not the primary purpose of stroke treatment and that any quality of life scale used should have been validated for use in stroke, also noting that work toward such validation was desirable. 5 Cognitive, mood, and quality of life scores are uncommonly reported. Cognition, mood, and language function are covered in a third article prepared by the ESO Outcomes Working Group. 7a
Description of Most Common Outcome Measures
The mRS measures the degree of disability or dependence in daily activities. 8 -10 It requires an interview or assessment with the patient or caregivers and can be completed in Ϸ5 minutes. It is scored on a hierarchical ordinal scale from 0 to 6, with 0 indicating no symptoms and 6 indicating death.
The NIHSS is a 15-item scale to record neurological examination findings in acute stroke. It records deficits affecting level of consciousness, language, neglect, visual field loss, extraocular movement, motor strength, ataxia, dysarthria, and sensory loss. 11 Scores range from 0 (no deficit) to 42 (maximal deficit), but because of the scoring rules when testing is limited in uncooperative patients, the grading of severely affected patients with scores Ͼ20 to 25 is likely to be unreliable. NIHSS mainly is used in documenting baseline stroke severity and initial changes in condition. It takes Ͻ10 minutes to complete but requires a trained assessor in the presence of the patient.
The BI measures performance in 10 basic activities of daily living and mobility. 12 It is usually scored from 0 to 100, with higher scores indicating increased likelihood of being able to live at home with a degree of independence. 13 It takes Ϸ10 minutes to assess.
The GOS is a hierarchical ordinal scale for describing disability and handicap in patients with brain injury, scored from 1 (death) to 5 (good recovery). 14 In its extended version (extended GOS, scored 1-8), the last 3 ratings have upper and lower categories. 15 It can be completed by interview in 5 minutes.
The EuroQol-5D is a generic instrument to measure health outcome. 16, 17 It is in 2 parts: EuroQol-5D and EuroQol visual analog scale. The EuroQol-5D records a single digit response to 5 questions on mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression, respectively. As a result, there are 243 unique coded health states utilizing the 5 categories. These can be compared across various diseases to determine quality of life. The EuroQol visual analog scale is a self-rating of health-related quality of life, recorded from 0 (worst state) to 100 (perfect health).
Associations Among Scales and Typical Outcome Distributions
There are strong correlations among the 3 most widely used outcome measures. In part II of the NINDS alteplase trial, Lu et al 18 found lower correlations than those from VISTA, but these were based on dichotomization, not ordinal use of mRS. Among 9275 patients from VISTA, 3-month mRS had a Spearman rank correlation with BI of Ϫ0.94 and with NIHSS score of 0.91. NIHSS correlated with BI (r s ϭϪ0.85). From the distribution of the outcomes, it is evident that BI suffers from floor and ceiling effects in this typical stroke trial population, and NIHSS also may have a ceiling effect ( Figure  1 , online-only Supplemental Figure I ). Thus, there are strong correlations among outcome measures, especially if the full range of the scales is examined, whereas dichotomized outcomes may reflect contrasting levels of recovery because of selection of dissimilar cut-points.
The NINDS trial took advantage of apparent variation among scale results when analyzing the early alteplase trials, gaining statistical power from the use of correlated outcomes. 18, 19 The advantage of this approach is lower when correlations are close.
From VISTA, the meanϮSD distribution of mRS scores at 3 months (0 -6, respectively) were 10.3%Ϯ4.8%, 16.4%Ϯ3.5%, 12.6%Ϯ2.8%, 15.3%Ϯ2.2%, 20.8%Ϯ3.5%, 7.5%Ϯ2.0%, and 17.0%Ϯ5.6% for a population of 14 708 patients across 15 trials with median baseline NIHSS score of 13. These should be contrasted with outcomes for patients with severe stroke (Figure 2 ).
Value of Second Measure
The European Medicines Agency Points to Consider document suggests that the mRS is chosen as a primary end point. 5 It states that if ordinal analysis rather than dichotomized analysis is used, then a second scale, such as a neurological scale, also should be analyzed, and it declares that dichotomization of the neurological scales would be discouraged (online-only Supplemental Table II ). In contrast, the Working Group favored ordinal analysis and did not support the European Medicines Agency guidance that a statistically weaker and clinically less relevant measure using NIHSS should be given equal place with mRS when the most clinically relevant and statistically reliable assessment of mRS is used. The difficulty in predicting the most suitable dichotomy for mRS, dependence on case mix, and failure to incorporate information on potential harm at other levels of the scale each renders this counterintuitive; ordinal analysis is statistically more powerful, is more robust to variation in case mix among trials, and better expresses the importance to clinicians and patients of functional gains at any level of mRS. If a second measure should be used, it would be reasonable to require that it simply tracks with mRS in a predicted manner and shows changes in a similar direction, but it would not be reasonable to require a similar level of statistical significance for a less powerful and less relevant measure.
Desirable Properties
Desirable properties of scales measuring outcome are validity, reliability, responsiveness, and convenient statistical properties. Criterion validity, agreement with a gold standard, is difficult to assess in absence of an accepted standard. Correlation with infarct volume, convergent validity, is moderate for NIHSS and GOS, and slightly lower for BI (Supplemental Table III) . 22 Magnetic resonance apparent diffusion coefficient volume significantly correlates with GOS (rϭ0.73), mRS (rϭ0.68), and BI (rϭ0.67; each PϽ0.001). 23 The mRS is closely related to hospital bed occupancy and health care costs. 24 The construct validity confirmation that the concept that is measured, for example, a group of motor functions versus various higher cortical functions, is acceptable for NIHSS, BI, and mRS. 25, 26 Expert opinion and literature review appear satisfied that these 3 scales also have relevant content, ie, have "content validity." 2 Reliability, relative freedom from random error, depends both on the homogeneity of the construct that it measures and the reproducibility within and among observers who apply the scale. The NIHSS has a high intraobserver reliability, with intraclass correlation coefficient of 0.93 between ratings 3 months apart. 27 Interobserver reliability is also high, with an overall interclass correlation coefficient of 0.95 (raters underwent formal training and certification of the scale with a standard videotaped program). 25 The BI has high internal consistency (as indicated by Cronbach ␣ of 0.98), implying redundancy of items. Intraobserver and interobserver reliabilities are also quite high, with Pearson r scores ranging from 0.89 to 0.99. 28 In contrast, mRS may have lower internal reliability, because it conflates motor and cognitive elements with environmental and historical elements; resumption of usual activities can depend on previous social interest, recovery of motor function, psychological motivation, and even legal permissions.
Training is available for NIHSS, BI, and mRS, with certification procedures for NIHSS and mRS. A formal scoring system may be used for the mRS, such as the Rankin focused assessment, 29 the Structured Interview for the mRS, 30, 31 or a training program 32 to determine the score that best describes the current state of the subject. The GOS reliability is improved by structuring the interview, giving interobserver agreement of 92%. 15 For trial use, responsiveness, ie the capacity to detect intrasubject changes over time or between treatments, is crucial. The NIHSS is useful for serial monitoring of patients after stroke to detect neurological worsening. A change of 4 points or more is interpreted as clinically meaningful in the multicenter registry of intravenous thrombolysis (SITS-ISTR); 33 some trials use a threshold of 2 points. Although not validated for this purpose, a quantifiable change in NIHSS can be readily recognized and may prompt further diagnostic studies or treatment. In a prospective study comparing 5 outcome measures in 1530 patients 100 days after ischemic stroke, the mRS was more responsive to changes in functional status and better-differentiated changes in mild-to-moderate disability than BI, which suffered a ceiling effect in milder stroke. 34 In contrast, the mRS has more limited sensitivity over short time intervals, especially during hospitalization before patients have attempted their usual roles and activities and because of a substantial clinical threshold between each point in the scale.
Only the mRS and GOS are hierarchical scales; the NIHSS and BI have scores that may be attained in various combinations of subitems that are not necessarily equivalent in their relevance to outcome. The distribution of final outcomes on BI is U-shaped, which renders it insensitive to subtle change between populations and forces dichotomization (which weakens statistical power). The NIHSS has a bimodal skewed distribution of final scores. The GOS and mRS show a more even distribution and have a near-optimal number of categories to offer at least 95% of the discriminatory power compared to a continuous scale. Statistical analysis is discussed in a second article. 1a Blinded assessment by telephone interview is reliable with BI 35 and has been used with mRS, although it is not specifically validated. Published values for external reliability of the mRS (ie, the kappa for interobserver agreement) under ideal circumstances with a few very experienced raters range from 0.25 to 0.72, with a mean of 0.46 (95% CI, 0.41-0.51). 36 True reliability with several hundred raters in a Outcomes assessed by modified Rankin scale after 1 year among patients with severe ischemic stroke, treated with or without decompressive surgery. Based on published data. 20, 21 multicenter trial will be at the poorer end of the range. The Spearman Brown prediction formula shows that increasing the number of ratings per patient from 1 to 4 will improve reliability substantially, eg, from 0.25 to 0.57, or from 0.46 to 0.77. 37, 38 Recently, central adjudication of video-recorded mRS interviews has been found feasible and valid, with the advantage that multiple raters may provide a score offering blinding, source data verification, cross trial consistency, and improved statistical power in a single package. 39 Involving 4 raters in central review will deliver improved power equivalent to an increase in sample size of at least 5% to 10%, although the sample size gains based on the most conservative estimates of existing reliability may exceed 30%. [37] [38] [39] [40] International use requires transferability across language and cultures. English, Mandarin, Spanish, Thai, and Italian validated translations of NIHSS are available; mRS is also available in English and 11 other languages, with comparability tested across cultures and language (eg, Mandarin and English). 41, 42 
Clinically Relevant Shifts
Each of the mRS categories except 5 to 6 represents a clinically meaningful difference in health state. 24, 43 The extent of a shift that may be needed for drug or device registration and marketing approval purposes is beyond the scope of this article, because it will depend on cost, safety, resource availability, and local policy. It is evident, however, that any improvement in health state that can be measured on mRS will be evident to patients and caregivers in day-to-day life will be associated with substantial reductions in duration of hospitalization and will translate into health care savings within the first 3 months after stroke. 24, 44 Improvements at different levels of the scale are not equal, but because each of the potential improvements is important and has clinical and societal benefit, it should not be mandatory to distinguish these changes from each other when considering overall effect, provided that the benefit is monotonic, ie, that no health state boundary is worsened. 45 In the event of worsening at one level, a balanced decision would be required; however, just as dichotomization could show benefit despite such an adverse effect at another level of the scale, ordinal analysis will normally produce a significantly positive result only if the overall trend is positive despite such adverse consequences. Thus, the ordinal approach protects against false claims of benefit that could be outweighed by harm at other levels.
Timing of End Points
The Food and Drug Administration offers guidance for device trials on timing of recordings, suggesting that 30 and 90 days should be considered, presumably implying that 90 days is the primary end point (online-only Supplemental Table IV) . 6 This is consistent with a large number of recent acute stroke trials, including all of the major alteplase, desmoteplase, and prourokinase trials. Within VISTA, 3 24 trials involving 26 898 patients had outcome assessed at 3 months and 5 trials of 7211 patients extended follow-up to 6 months or longer; and 3 trials of 184 patients completed assessment at 1 month or earlier. On timing of assessments, the NINDS CDE group concluded that acute stroke studies intended to demonstrate durable clinical benefit should assess outcome using a clinically meaningful measure of stroke disability at 90 days. 4 Evaluation of clinical outcomes beyond 90 days was encouraged. The CLEAR-III trial of intraventricular recombinant tissue plasminogen activator for intraventricular hemorrhage includes outcome measured at 6 months, as did the STICH trial of surgical intervention. 46 The hemicraniectomy trials extended follow-up to 12 months. 20, 21 Thus, trials that concentrate on patients with the most severe stroke syndromes and involving surgical interventions that could be associated with early morbidity have allowed longer for potential recovery to be realized and for any short-term adverse effects to resolve. Extending outcome beyond 3 months may allow more extraneous events unrelated to the stroke to accrue (eg, myocardial infarction, cancer, trauma) that could attenuate any treatment effect.
Undertaking an outcome assessment at 3 months may be recommended as standard for all trials intending to demonstrate sustained benefit of acute treatment in stroke, except that a later outcome measure is acceptable in circumstances in which stroke severity is substantial, in which the early risk-to-benefit ratio may be relatively unfavorable but is expected to reverse with sustained recovery, or in which early benefits are suspected to favor people with higher competing risks.
Applying mRS in Practice
The mRS has the advantage of being easy and quick to administer and reflects patients' outcomes in practical realworld settings. Although use of the mRS is widespread, it is often administered in different ways, making careful consideration of both the scale in general and its use in practice important. Issues affecting the value of the mRS as the main primary end point have included interviews being conducted in person versus via the telephone; variable or no standard training, particularly in differentiating the critical increments in the middle of the scale (ie, score of 1 versus 2 versus 3) that often become critical when dichotomous end points are used; 2 language or cultural backgrounds; 47 and different methods of determining success such as different dichotomous cut points or ordinal analyses.
A major focus of research on the application of the mRS has been on methods to reduce variability and to improve reliability. Wilson et al 31, 48 reported improvement in interrater reliability with the use of a structured interview to standardize the mRS scoring. When such an interview is administered via the telephone, the reliability is substantially reduced and becomes difficult to recommend. 2, 49 In a more recent randomized evaluation of the structured interview versus standard mRS scoring, reliability was not nearly as good as in earlier studies. 50 There have been other methods proposed to improve reliability in mRS scoring, including video recording and central scoring. 51 Initial results of this approach still indicate further work needs to be performed to enhance reliability using this method. 52 A novel method (Rankin focused assessment) still being fully evaluated even suggests utilizing other elements of medical history and NIHSS scoring to help
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Primary Outcome Measure and Strokereduce variability. 29 There is one method to improve mRS scoring that seems to have consensus agreement. This is using a digital-based training program with certification. 32 Training using commercial vendors, such as trainingcampus.com, has become standard for nearly all sponsored multicenter studies. Other ways to reduce potential bias and variability have included the use of blinded scoring of mRS by evaluators who have not been involved in the intervention being studied and using single evaluators for all patients at a particular site. Whether these methods are effective remains to be seen. Regarding cultural variability, more research is needed to determine sources of variability between countries. A study of scoring after formalized digital training (with "real-life" patients speaking English) revealed there were substantial variations between countries that could not be fully explained by difference in native language. 47 Finally, determining success for a study outcome with mRS continues to be inconsistent across studies. Some investigators have proposed ideal binary cut-off criteria for a dichotomous outcome. 53 Others have suggested that ordinal outcomes may be most useful in many cases by providing information about improvements that do not reach the dichotomous threshold. 2, 54 Some suggest that the analysis method used may be different based on the type of intervention being tested, such as thrombolysis versus neuroprotection. 54, 55 
Commentary
There is an evident consensus among both trialists and regulators that functional outcome measures are appropriate for trials intending to demonstrate sustained benefit of acute treatment in stroke. There is evident agreement that the NIHSS has become the neurological scale of choice but that it is not ideal as the primary end point of a trial. It lacks meaning for patients and does not closely reflect social or health care needs, quality of life, or health economics; its statistical properties are poor. The BI is the most widely recommended activities of daily living scale, but it has fallen out of favor as primary end point for acute stroke trials because of its ceiling effect, poor responsiveness, undesirable statistical properties, and reliance on motor function to the exclusion of quality of life and cognitive function. The mRS is widely favored by trialists and regulatory authorities. Although far from perfect, it has favorable clinimetric properties and there is widespread familiarity with it. There is extensive experience with mRS in trials of medical and surgical interventions for acute stroke across a range of severity and in all countries. A 90-day recording of mRS has been available for almost every acute trial conducted in the past decade, and thus comparisons among treatment effects can be undertaken. The mRS scores show an association with quality of life and with economic measures. Each category on mRS reflects a different length of hospital stay and associated short-term health care cost. 24 This is not the case for NIHSS or for BI. Certain categories on BI are also associated with changing bed occupancy and cost, but the relationship is not graded across the entire scale as it is with mRS. Apart from the range 90 to 100, BI scores offer little useful information in this regard. The study by Dawson 24 examined resource use only in terms of bed occupancy over the course of the first 90 days. It remains possible that BI scores would be more informative in predicting longer-term use of other types of support services.
In a relatively small number of patients (nϭ435), Spieler et al 56 found that by month 12 after discharge, the costs of stroke care amounted to 17 799 euros (16 440 -19 158 ) per patient; the initial hospitalization accounted for 42% of this cost, rehabilitation accounted for 29%, and ambulatory care accounted for 8%. These costs were mostly concentrated within the first 3-to 6-month period. After 46 months without recurrence, the cost of ambulatory care outweighed the cost of the first 6 months. Handicap levels explained 43% of the variance of costs (PϽ0.0001) and, according to the Rankin scale divided into 3 classes (0 -2, 3, and 4 -5), cumulative costs over time differed considerably.
Improvements on mRS can be demonstrated in response to treatment and show reasonable associations with other outcomes. The mRS has room for improvement that should be considered in operational use of the score. For example, efforts to reduce rater-based effects should be minimized to optimize statistical power. 39 Because of the nature of the score of 6 being fixed and offering no further information, treating 5 and 6 together should be considered. In any case, high mRS scores have a utility for most patients that approximates that of death. 57 It is desirable to include mRS at 90 days in all future trials intending to demonstrate sustained benefit of acute treatment in stroke. For trial success, it should be sufficient to demonstrate that the investigational treatment has produced an improvement in the mRS at 90 days or later, compared to control. The GOS correlates with mRS and has similar properties but has not been as widely studied in acute stroke, as opposed to neurotrauma trials. Good recovery is not clearly defined and does not distinguish symptomatic from asymptomatic patients. GOS offers no advantage over mRS and cannot be used for comparison of treatment effects of other interventions. One approach that may add value to mRS is that of home time. 44 This simple measure records the number of nights that patients spend within their original homes or in a relative's private home in the first 90 days after stroke onset, contrasted with nights in any sort of institutional environment. It correlates with mRS and economic measures, is robust and objective, and, provided that it is stratified or adjusted for country, it appears responsive and useful as an outcome measure (online-only Supplemental Figure II) . 58 It has begun to be added as a secondary measure in stroke trials. 59 Rather than require a second outcome measure, 5 with the associated risks of confusing the true properties of the significance testing (alpha and beta), the relative importance of each measure, and the meaning of any combined end point ("improvement in disability level associated with reduced chance of measurable neurological deficit"), it is recommended that supporting scales are used to confirm that the direction of effects is similar when measured in other ways, and that correlations among scales remain similar to those reported in the literature, or that discrepancies can be explained. However, these are not required to demonstrate statistical significance in their own right.
Conclusions
The preferred outcome measure for acute trials is the mRS assessed at 3 months after stroke onset or later. The interview should be conducted by a certified rater and should involve both the patient and any relevant caregiver. Incremental benefits at any level of the mRS may be acceptable. The mRS is imperfect but should be retained in its present form for comparability with existing treatment comparisons. No second measure should be required, but correlations with supporting scales may be used to confirm consistency in direction of effects on other measures. These trials include all forms of stroke interventional research in patients listed on clinicaltrials.gov, and are not restricted to acute stroke. At least 191 forms of outcome measure are described and at least 63 unique measures are listed as primary outcome. 
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